Abstract. Using the Einstein, Bergmann-Thomson and Landau-Lifshitz's energy and momentum complexes and theirs teleparallel gravity versions, we compute the energy and momentum of the universe in inhomogeneous cosmological models and show that energy-momentum complexes give same results in both of gravitation theories in inhomogeneous spacetime.
Introduction
In the theories of gravitation, the formulation of energy and momentum distributions is one of the most interesting, crucial and controversial problems of contemporary theoretical physics. Recently, this problem has been argued in the alternative approach to gravitation which is called tele-parallel gravity. The first of such attempts was made by Einstein who proposed an expression for the energy-momentum distribution of the gravitational field. There have been many attempts to resolve the energy-momentum problem in Einstein's theory of general relativity and tele-parallel gravity [1, 2, 3, 4, 5, 6, 7, 8, 9] .
It is usually suspected that the energy-momentum complexes are not useful to get finite and well defined meaningful energy-momentum distribution in a given geometry. Virbhadra and his collaborators re-opened the problem of the energy and momentum by using the energy-momentum complexes. The Einstein energy-momentum complex, used for calculating the energy in general relativistic system, was followed by many complexes: e.g. Tolman, Papapetrou, Bergmann-Thomson, Møller, Landau-Liftshitz, Weinberg, Qadir-Sharif and the tele-parallel gravity versions of the Einstein, Landau-Lifshitz, Bergmann-Thomson and Møller. The energy-momentum complexes give meaningful results when we transform the line element in quasi-Cartesian coordinates. The energy and momentum complex of Møller gives the possibility to make the calculations in any coordinate system [10] . To this end Virbhadra and his collaborators have considered many space-time models and have shown that several energy-momentum complexes give the same and acceptable results for a given space-time [11] . In Phys. Rev. D60-104041; Virbhadra, using the general relativity versions of energy and momentum complexes of Einstein, Landau-Lifshitz, Papapetrou and Weinberg for a general nonstatic spherically symmetric metric of the Kerr-Schild class, showed that all of these energy-momentum formulations give the same energy distribution as in Penrose energymomentum complex.
The theory of tele-parallel gravity is an alternative approach to gravitation which corresponds to a gauge theory for the translation group based on Weitzenböck geometry [12] . In the theory of the tele-parallel gravity, gravitation is attributed to torsion [13] , which plays the role of a force [14] , and the curvature tensor vanishes identically. The essential field is acted by a nontrivial tetrad field, which gives rise to the metric as a byproduct. The translational gauge potentials appear as the nontrivial item of the tetrad field, so induces on space-time a tele-parallel structure which is directly related to the presence of the gravitational field. The interesting place of tele-parallel gravity is that, due to its gauge structure, is can reveal a more appropriate approach to consider some specific problem. This is the state, for example, the energy and momentum problem, which happens more transparent when considered from the tele-parallel point of view.
The present paper is organized as follow: in the next section we introduce the metric which describes inhomogeneous space-times and compute some kinematics in these models. In section III, we give the Einstein, Bergmann-Thomson and Landau-Lifshitz's energy momentum complexes in Einstein's theory of general relativity. Section IV gives us the tele-parallel gravity versions of Einstein, Bergmann-Thomson and LandauLifshitz energy and momentum complexes. After this section, in section V we find the solutions for inhomogeneous space-times. At the last section; we summarize and discuss our results. Throughout this paper we use the convention that the indices take values from 0 to 3 and G = 1, c = 1 units.
The Inhomogeneous Space-times
We have assumed that the universe has a planar symmetry, so the metric functions depend only on t and y, and are independent of x, y. The line element [15, 16] ,
which describes an inhomogeneous universe in which the dx 2 + dy 2 sections have zero spatial curvature.
After the pioneering works of Gamow [17] and Gödel [18] , the idea of global rotation of the universe has became considerably important physical aspect in the calculations 
vorticity tensor:
vorticity vector:
vorticity scalar:
of general relativity. Now, we introduce a tetrad basis by
By use of the co-moving tetrad formalism, the kinematics of this model can be expressed solely in terms of the structure coefficients of the tetrad basis. We define the structure coefficients by
By taking the exterior derivatives of the tetrad basis (2) and using the kinematics formulas [19] given in the table 1. We find the following quantities for the line element which is given by equation (1)
The model given in (1) is shear-free expansion. We also note that this model has vanishing four-acceleration and vorticity.
Energy and Momentum in General Relativity
Int this section, we give the general relativistic version of Einstein, Bergmann-Thomson, Landau-Lifshitz energy-momentum complexes.
The Einstein Energy-Momentum Complex
The energy and momentum prescription of Einstein [4] in general relativity is given by
where 
and energy and momentum components are given by
The Bergmann-Thomson Energy-Momentum Complex
The energy-momentum prescription of Bergmann-Thomson [3] is given by
where
with
The Bergmann-Thomson's energy-momentum prescription satisfies the following local conservation laws ∂Ξ
in any coordinate system. The energy and momentum components are given by
The energy and momentum(energy current) density components are respectively represented by Ξ 00 and Ξ a0 .
The Landau-Lifshitz Energy-Momentum Complex
The energy-momentum prescription of Landau-Lifshitz [7] is
Ω µν is symmetric in its indices. Ω 00 is the energy density and Ω a0 are the momentum(energy current) density components. S µναβ has symmetries of Riemann curvature tensor. The energy-momentum of Landau and Lifshitz satisfies the local conservation laws:
Here T µν is the energy-momentum tensor of the matter and all non-gravitational fields, and t µν is known as Landau-Lifshitz energy-momentum pseudo tensor. Thus the locally conserved quantity Ω µν contains contributions from the matter, non-gravitational fields and gravitational fields. The energy and momentum components are given by
Energy and Momentum in Tele-parallel Gravity
The energy-momentum complexes of Einstein, Bergmann-Thomson and Landau-Lifshitz in tele-parallel gravity [9] are given by the following equations respectively:
where h = det(h a µ ) and U νλ β is the Freud's super-potential, which is given by:
Here S µνλ is the tensor
with m 1 , m 2 and m 3 the three dimensionless coupling constants of tele-parallel gravity [13] . For the tele-parallel equivalent of general relativity the specific choice of these three constants are:
To calculate this tensor firstly we must calculate Weitzenböck connection:
and after this calculation we get torsion of the Weitzenböck connection:
For the Einstein, Bergmann-Thomson and Landau-Lifshitz complexes, we have the relations,
where P i give momentum components P 1 , P 2 , P 3 while P 0 gives the energy and the integration hyper-surface Σ is described by x 0 = t =constant. 
Energy-momentum complexes Solutions in general relativity
Einstein:
Solutions in tele-parallel gravity Eistein:
Solutions for Inhomogeneous Space-times
Through this section, considering the general relativity versions of Einstein, BergmannThomson and Landau-Lifshitz's complexes and theirs tele-parallel gravity versions, we calculate energy-momentum in inhomogeneous space-times. We present that Einstein and Bergmann-Thomson energy-momentum complexes give same result and agree with each other both of general relativity and tele-parallel gravity. But, all of the Einstein, Bergmann-Thomson, Landau-Lifshitz's complexes give the same result in their different energy-momentum definitions in the theory of general relativity and tele-parallel gravity(see table 2).
Summary and Final Remarks
The subject of energy-momentum localization in the general theory of relativity has been very exciting and interesting; however, it has been associated with some debate. Recently, some researchers have interested in studying the energy content of the universe in various models.
The object of the present paper is to show that it is possible to solve the problem of the localization of energy in general relativity by using the energy and momentum complexes. In this paper, we first get the some kinematics and after these calculations to compute the energy distributions of the inhomogeneous cosmological models, we have considered six different energy and momentum complexes in general relativity and tele-parallel gravity: e.g. Einstein, Bergmann-Thomson, Landau-Lifshitz in the theory of general relativity and their tele-parallel gravity versions. We found that; (a) the inhomogeneous cosmological models describes the space-time which has expansion with shear-free and vanishing four-acceleration and vorticity, (b) the total energy and momentum (due to matter plus field) distribution in Einstein and Bergmann-Thomson formulations are the same in both of the gravitation theories of general relativity and tele-parallel gravity. (c) The Landau-Lifshitz energy momentum complexes disagree with Einstein and Bergmann-Thomson energy-momentum complexes, but different definitions of this formulation agree with each other and give the same result.
